The real part of the frequency and wave-vector dependent conductivity is expressed in term s of single-particle and pair correlation functions starting from a generalized K u b o formula. The result is an analogon to Z w a n z ig 's relation between the self-diffusion coefficient and the dynamical structure factor introduced by V a n H o v e in the theory of neutron scattering. As an application we calculate the real p art of the m obility for the sm all polaron.
Recently, B a y m 1 and G r e e n e and K o h n 2 pointed out that the problem of electron-phonon interaction in solids and liquids can be completely described in terms of the dynamical structure factor
(1) (...) represents a thermal average at temperature T, Ri(t) is the H e i s e n b e r g operator for the position of the Z-th ion at time t, N0 the number of scattering centres and q = k -k' the difference of wave vec tors in the initial and final electron states. The ex pression for the resistivity given in ref. 1 and 2 is valid in the B o r n approximation for the electronphonon scattering.
On the other hand, the information about the dynamics of the ions contained in S{q,w) may also be used to study certain transport properties of the ions themselves (see ref.
3) . The most general re lation between the dynamical structure factor and a generalized frequency and wave-vector dependent self-diffusion coefficient has been given in a short note by Z w a n z i g 4. His derivation consists in estab lishing the connection between the Kimo-formula for the real part of the diffusion coefficient in a system with arbitrary space-time variations, and the F o u r i e r transform of the space-and timedependent pair correlation function defined in the integrand of (1). [Of course, in the case of in elastic neutron scattering -by which S(q,w) can be directly measured -the wave vector q corre sponds to the momentum transfer of the neutrons and a) to the neutron energy.] The work of Z w a n z i g suggests that it might be possible to express the KuBO-formula for the electrical resistivity in terms of a formal analogon to (1). According to the dif ferent physical problem, the position operators now belong to the various charge carriers and the vari ables (q, co) enter by considering a frequency-and wave vector-dependent driving electric field.
The aim of the present paper is to establish the relation between the real part of the electrical con ductivity and the dynamical structure factor for the electrons. As an application, we have rederived the expression for the frequency-dependent m obility for the small polaron 5 in the lim it g -> 0, i. e. for an electric field constant in space. Our work benefits from many considerations already contained in the basic paper of Kubo 6.
General Form ulation
We consider a system of unit volume, invariant under translation in space and time. The 
We start from the following expression for the a-th component of the average current density 6 
i resp. The sum is over all charge carriers of charge e and particle velocity Vj.
3 P. S c h o f i e l d i n : F l u c t u a t i o n , R e l a x a t i o n a n d R e s o n a n c e i n 5 H. G. R e i k , S o l i d S t a t e Comm. 1, 67 [1963] . From now on we consider only the real part of qaqyoay (q,co). We obtain qa qy Re oay(q, w) = \ qa qy {oay(q, (o) + o * ay (q, co) } + oo e2
or, integrating by parts,
provided the correlation functions vanish at t = ± OO. If we take the thermal average of an operator A.
{A) = (1/Z) T r(g^)
over a canonical ensemble, that is with an equilibrium density operator ,Ot = exp ( -ß H) , the right hand side of (13) can be considerable simplified by using the following identity for two H e is e n b e r g operators at different times. (The ensemble average is invariant under time trans lation.) Applying (14) to the integral (13) we obtain Both formulae are exact expressions for the real p a rt of the electrical conductivity within the range of validity of the linear response theory of transport.
T h e M o b i l i t y o f t h e S m a l l P o l a r o n T h e s t a t ic c o n d u c t iv it y o f t h e s m a ll p o l a r o n in th e H o l st e in m o d e l w a s v e r y r e c e n t ly r e c a lc u la t e d b y S c h n a k e n b e r g 8 u s in g th e G r e e n 's f u n c t i o n te c h n iq u e . ( F o r r e f e r e n c e to fu r th e r w o r k , s e e r e f . 8.)

R e ik 5 d e r iv e d a n e x p r e s s io n f o r t h e f r e q u e n c yd e p e n d e n t m o b il it y s t a r t in g f r o m t h e K u b of o r m u la . It is th e p u r p o s e o f t h is s e c t i o n t o d e d u c e h is r e s u lt f o r th e r e a l p a r t o f / / ( c o ) f r o m o u r g e n e r a l f o r m u la (17). W e f o llo w t h e n o t a t io n o f R e i k ' s fir s t p a p e r 9, a s m u c h a s p o s s i b le , a n d r e c a ll t h e b a s ic e q u a t io n s f o r c o n v e n ie n c e o f r e f e r e n c e . T h e t o ta l c a n o n i c a l l y t r a n s f o r m e d HAMiLTONian
H = H0 + H± i s g iv e n b y th e f r e e fie ld p a r ts f o r t h e p o la r o n a n d p h o n o n s
H o = Hqp0i-j-H o = e /\ C j, C p + "a®a > (IS) p A a n d a n in t e r a c t io n te r m H l =~ T ? s? ± l Cp+ Cp+ 6 (19) 10 This is exactly valid in a one-band W a n n i e r representation, where the B l o c h functions are plane waves, so that the W a n n i e r functions degenerate to 6-functions localized at the lattice points. S e w e l l 11 derives the same result by de scribing the electron wave operator by W {x) = 2 cp ifp ( z ) , V where iPp{x) constitute an orthonormal set of localized wave functions of even parity, centred at site p. 1 1 G. L. S e w e l l , Phys. Rev. 129, 597 [1963] . 12 In the language of neutron scattering only the incoherent part of the dynamical structure factor given by the corre lation function of a single atom is retained.
single electron is localized. The ^-dependence of the if only single-particle states are considered, which ensemble average can be separated by expand-is the case in the problem under study. Thus, ing the exponentials and taking into account that -iqr_"vr.f ,• y + • -j * * »t'u u -exP \ 1 y Zj JniJ np = cp cp is an idempotent operator. Ih e num ber 
or, inserting (20) Since the terms of the sum are independent of the lattice sites, the summation over p cancels the 1 /TV factor. Referring bade to (1 7 ), we write «* Re < " (?> " ) " f -■ ' 4 { j u f C1 -' C0S ?) 00 + Clearly, in the limit q -> 0, this form ula reduces to R e i k 's result as mentioned in the introduction 14.
R e i k also gave the expression for the im aginary part of the conductivity and evaluated the integral oc curing in (34) by the method of steepest descent. For details, we refer to his p a p e r5. It follows immediately from (34) that in H o l s t e i n 's linear-chain model of the small polaron, the (^-dependence of the real part of the mobility is given by the simple relation R e f i ( , q , l o )~l^^j R efi(0,co). (35) 
